Academic institutions worldwide are constantly trying to refine or even reinvent their Information Systems (IS) curricula to address the needs of industry and government. As many IS curricula emerge, a number of them do not satisfy well recognized standards and even lack critical components. Furthermore, a highly competitive Information Technology (IT) global market is putting pressure on colleges and universities to include IT certification in the curriculum.
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Introduction
Information Systems (IS) are complex systems requiring both technical and organizational expertise for design, development, and management. Many academic institutions worldwide aim to generate an IS curriculum that produces graduates with solid foundation in IS and equipped with the skills that make them readily employable. However, all aspects of the computing fields including IS are faced with great pressure from industry to train students on specific IT technology and skills. As a result, university level IS curricula need frequent updating to answer the need of industry and to remain effective. The highly competitive Information Systems field requires universities and colleges to train students on the use of the latest technologies. Some academic institutions are redesigning their curricula to include IT certifications into their curricula. This process provides graduates with a solid foundation in IS and one or more IT certificate. Businesses today need college graduates to make an impact and become productive employees almost immediately after joining the work force.
Information Systems (IS) programs are accredited by oversight bodies to determine whether the program provides quality education (Lidtke & Yaverbaum, 2003; Lunt, Lawson, Goodman, & Helps, 2002) . Currently, ABET (Computing Accreditation Commission, 2004 ) is the accreditation body with responsibility for accrediting all programs in the computing field. The Computing Accreditation Commission (CAC) is responsible for the accreditation of IS programs. The IS 2002 model curriculum provides recommendation for the core IS curriculum to meet ABET criteria. While ABET specifies the 120 credit hours for the Bachelor degree, IS 2002 addresses 33 credit hours only.
Currently, there is a move by a number of colleges and universities to form partnership with IT vendors such as Microsoft and Cisco to provide hands-on experience that prepares students for successful entry into the job market and to sit for Industry Certification exams (Houston, Blesse, & Herrod, 2005) . Many employers are looking for IS graduates to acquire certification in addition to their Bachelor degree. IS graduates can demonstrate that they have the necessary skills to be productive by acquiring one or more appropriate IT certificates. The IEEE and ACM recognize the importance of the IT certifications and provide their members with over four hundred online courses leading to technical certifications.
In this paper, an IS model curriculum that addresses accreditation requirements and certification needs is proposed. The model addresses all ABET criteria, which provide recommendations for general education (GE), IS environment, major core courses, major electives and general elective courses. The model curriculum uses the IS 2002 report (Gorgone, Davis, Valacich, Topi, Feinstein, & Longenecker, 2002) to implement the IS core courses. The model also provides a framework to integrate IT certification in IS courses at various levels of the curriculum. n example of how to use the proposed model curriculum is developed. The rest of the paper is organized as follows. The second section lists the criteria for accrediting IS programs. The third section introduces the IS 2002 recommendations for curriculum development and addresses some of the implementations issues. The fourth section discusses the proposed comprehensive IS curriculum. The fifth and sixth sections discuss embedding IT certification into the IS curriculum. The seventh section presents an example of how to implement the model curriculum. Finally the eighth section is the conclusion.
ABET Criteria for Accrediting IS Programs
ABET, a recognized accreditor for college and university programs in applied science, computing, engineering, and technology, is a federation of 30 professional and technical societies representing these fields. Among the most respected accreditation organizations in the U.S., ABET has provided leadership and quality assurance in higher education for over 70 years. ABET also offer educational credentials evaluation services outside the U.S.
There are many competing IS programs in the US and worldwide (Reichgelt, Lunt, Ashford, Phelps, Slazinski, & Willis, 2004) . The driving forces for these programs are different. Therefore, the emphasis of each IS program varies widely. There are many benefits for having an accredited IS program. The main reason for having an accredited IS program is to meet international standards and abilities. An accredited program has the ability to adapt to emerging technologies and changing disciplines and provide a framework to keep programs current, relevant and educationally sound. Currently, ABET (Computing Accreditation Commission, 2004 ) is the only agency with responsibility for accrediting all programs in computing, engineering, and technology in the US. Recently, ABET requirement covers eight areas; these are: Objectives and Assessments; Students; Faculty; Curriculum; Technology Infrastructure; Institutional Support and Financial Resources; Program Delivery; and Institutional Facilities.
The focus of this paper is on the curriculum component of the ABET requirements. Table 1 provides a description of the curriculum intent, standards, and components (Computing Accreditation Commission, 2004) . The other seven ABET requirements will not be addressed in this paper. 
Intent
The curriculum combines professional requirements with general education requirements and electives to prepare students for a professional career in the IS field, for further study in IS, and for functioning in modern society. The professional requirements include coverage of basic and advanced topics in IS as well as an emphasis on an IS environment.
Standards
Curriculum standards are specified in terms of semester-hours of study. Thirty semesterhours generally constitutes one year of full-time study. A course or a specific part of a course can only be applied toward one standard.
General
• The curriculum must include at least 30 semester-hours of study in IS topics.
• The curriculum must contain at least 15 semester-hours of study in IS environment, such as business or education.
• The curriculum must include at least 9 semester-hours of study in quantitative analysis.
• The curriculum must include at least 30 semester-hours of study in general education to broaden the background of the student.
Information Systems
• All students must take a broad-based core of fundamental IS material consisting of at least 12 semester hours.
• The core materials must provide basic coverage of the hardware and software, a modern programming language, data management, networking and telecommunications, analysis and design, and the role of IS in organizations.
• Theoretical foundations, analysis, and design must be stressed throughout the program.
• Students must be exposed to a variety of information and computing systems and must become proficient in one modern programming language.
• All students must take at least 12 semester hours of advanced course work in IS that provides breadth and builds on the IS core to provide depth.
IS Environment
The 15 semester hours must be a cohesive body of knowledge to prepare the students to function effectively as an IS professional in the IS environment Quantitative Analysis
• The curriculum must include at least 9 semester-hours of quantitative analysis beyond pre-calculus.
• Statistics must be included.
• Calculus or discrete mathematics must be included.
Additional Areas of Study
• The oral and written communications skills of the student must be developed and applied in the program.
• There must be sufficient coverage of global, economic, social and ethical implications of computing to give students an understanding of a broad range of issues in these areas.
• Collaborative skills must be developed and applied in the program.
ABET provides general guidelines for the IS curriculum. However, the implementation of their requirement varies from one institution to another. The IS 2002 report (Gorgone, et al., 2002) 
IS 2002 Model Curriculum
Most academic units have mechanisms to maintain currency of curricula (Denning, 2001; Mehic & Al-Soufi, 1999) . However, the availability of curriculum models should enable local academic units to maintain academic programs that are consistent both with regional and national employment needs while keeping the common body of knowledge of the IS field.
IS 2002 report identifies four characteristics of the IS profession and integrates them into their model curriculum. These are:
• IS professionals must have a broad business and real world perspective.
• IS professionals must have strong analytical and critical thinking skills.
• IS professionals must have interpersonal communication and team skills and have strong ethical principles.
• IS professional must design and implement IT solutions that enhance organizational performance.
The model curriculum includes 30 credit hours of formal IS courses and also assumes the use of prerequisite or co-requisite courses in communications, mathematics and statistics, and business functions. The communications prerequisite courses should provide students with listening skills and the knowledge to be effective in written and oral communication. The mathematics and statistics prerequisites should provide basic quantitative and qualitative techniques. The business courses should cover common business functions, economics, and international considerations. The IS 2002 report recommends an embedded problem solving and critical thinking framework in all courses.
The architecture of the IS curriculum consists of five curriculum presentation areas: IS fundamentals; IS theory and practice; information technology; IS development; and IS deployment and management processes. The five presentation areas consist of ten courses and one prerequisite course as shown in Table 2 . This course covers information systems design and implementation within a database management system environment. Students will demonstrate their mastery of the design process acquired in earlier courses by designing and constructing a physical system using database software to implement the logical design.
IS 2002.9 Physical Design and Implementation in Emerging Environments
This course covers physical design and implementation of information systems applications. Implementation in emerging distributed computing environments using traditional and contemporary development methodologies.
IS 2002.10 Project Management and Practice
This course covers the factors necessary for successful management of information systems development or enhancement projects. Both technical and behavioral aspects of project management are applied within the context of an information systems development project.
There are a number of issues in implementing the IS 2002 model. One of these issues is the selection of an appropriate modern programming language that fulfills the requirements of the ABET criteria as well as the IS 2002 recommendations. ABET requires the student to be proficient in a modern programming language, however, the IS 2002 recommendations include only one course in programming. To become proficient in a modern programming language, students must take at least two courses in programming.
As to the selection of the programming language, Java, a modern object-oriented language, can be used to satisfy ABET requirement. In fact many universities are using Java as the primary programming language (Benander, Benander, & Sang, 2004) . However, other languages such as C++, C#, or VB.NET can also be used.
Another issue is that even though the IS 2002 model provides course descriptions, some of the course material cannot be found in a single textbook. For example, the IT hardware and software systems course requires the use of several uncorrelated textbooks. For this reason, it is very common to find an IS curriculum that does not include all the ten IS 2002 model courses.
Proposed IS Curriculum
The proposed model curriculum for the IS major consists of six components: General education, IS core courses, IS electives, General electives, IS environment, and Quantitative analysis. These six areas are chosen to fulfill ABET requirements. Details of each of the six components of the IS model curriculum are given in the following subsections.
General Education (39 credits)
General education (GE) is an essential part of every student's program of study. GE explores and promotes understanding of the interrelationship among the liberal arts and sciences including the arts, history, humanities, mathematics, and the natural, social and behavioral, and computer liter-acy. GE provides a foundation for the student to pursue lifelong learning and involved citizenship. These studies broaden and deepen understanding of the world through free and critical inquiry. GE encourages creativity and the discovery, acquisition and application of knowledge in the pursuit of excellence.
In most U.S. academic institutions, the required GE credit hours vary from 34 to 47 depending on the institution's goals and objectives. ABET criteria for accreditation require minimum of 30 credit hours of GE. In this model we have recommended 39 semester hours of GE, which includes three areas: basic studies, introductory studies, and ethics. This recommendation is based on the requirements of most liberal art colleges in the US.
Basic studies (12 credits)
Basic studies courses serve the student by supplying critical thinking skills, knowledge and techniques that enhance and enrich subsequent coursework. These courses are:
• College Algebra or Statistics I or Calculus and Analytic Geometry (3)
Introductory studies (24 credits)
Introductory studies provide the student with a varied and rich learning experience that is the essence of a liberal arts and science education. These courses provide a foundation for advanced studies regardless of major. Students must select courses, with a minimum of 6 semester hours, from each of the following areas:
• Arts and Humanities (6) Art Appreciation Communication (recommended for IS students) Language Literature Philosophy (recommended for IS students) Religious studies • Natural Sciences and Mathematics (9) Astronomy Biology Chemistry Geology Mathematics (recommended for IS students) Statistics (recommended for IS students) Physics • Social and Behavioral Sciences (9) Economics (micro and macro, recommended for IS students) Geography Political Science Psychology Sociology
Ethics (3 credits)
Every student must complete an ethics course; it could be either a course in philosophy or an approved college ethics course.
Although students have a wide range of courses to choose from to fulfill the general education requirements, they should be advised to take the recommended courses as shown in the previous section.
Information Systems Core Courses (33 credits)
The IS model curriculum core materials must provide basic coverage of the IT hardware and software, a modern programming language, data management, networking and data communications, analysis and design, and the role of IS in organizations, as shown in Figure 1 . The major core courses in the model curriculum use the IS 2002 model and consist of 33 credit hours that can be mapped into the following 11 courses.
• Personal Computer Productivity Tools The course "Introduction to CIS" is a general education course. In some institutions this course has a lab component, which includes parts of the Personal Computer Productivity Tools course. By making the course "Introduction to CIS" four credit hours, the Personal Computer Productivity Tools course can be easily integrated. As of today, there is no good textbook that can be used for the IT Hardware and Software course. The course description of the above IS courses are listed in many college catalogues. For clarity purposes, the description of the Object Oriented Programming and Web Programming courses are shown in Appendix A.
Information Systems Environment (15 credits)
ABET requires 15 semester hours to prepare the student to function effectively as an IS professional in the IS environments. The courses taken are to broaden the student's background in the area in which the IS knowledge is to be applied. For example, in the business environment, the student would take courses in the following areas: management, accounting, organizational behavior, marketing, finance, microeconomics, and macroeconomics. If the program is located in a business school, these courses are frequently specified by institutional requirements. To satisfy ABET requirements five courses are recommended as shown below. These fifteen hours fulfill ABET requirement for business environment. However, if the environment is education, for example, then student needs to select different courses.
• Financial Accounting (3)
• Principles of Economics I (Micro) (3), GE
• Principles of Economics II (Macro) (3), GE
Some of the five courses can be taken to satisfy the GE requirements. However, credits will only be counted toward one particular area. For example if a student takes Principles of Economics I as part of a GE requirement, those credits cannot be counted toward the IS environments. Georgia Southern University (Reichgelt, Zhang, & Price, 2002) requires additional 24 credit hours in the environment area in addition to the regular 120 credit hours.
Quantitative Analysis (9 credits)
To satisfy ABET requirements nine semester hours are recommended as shown below. However, one of the courses can also be taken to satisfy the general education requirements as discussed earlier.
• Statistics I (3), GE
• Discrete mathematics (3)
• Statistics II (3)
Information Systems Electives (18 credits)
Eighteen semester hours selected from the courses shown below are recommended. ABET specifies that all students must take at least 12 semester hours of advanced course work in IS that provides breadth and builds on the IS core to provide depth. IS electives varies from institution to institution depends on the demands of the local markets and the interest of students and faculty.
• 
General Electives (15 credits)
These hours can be taken from the IS program or any other program, depending on the student interest. The total number of hours should be 126 to meet the graduation requirement. However, ABET requires a minimum of 120 semester hours only. 
IT Certifications
IT certification is the process of mastering material pertaining to a particular hardware system, operating system, programming language, or other software program, and then proving mastery by passing a series of exams. Certification programs are developed and administered either by a manufacturer or a professional organization such as the Computing Technology Industry Association (CompTIA). Students can pursue a number of different certifications, depending on student specialty interest. For example to prove a mastery of many aspects of networking, student can choose to become Network+ certified. Benefits for becoming certified may come in the form of:
• Additional knowledge and skills that allow individuals to move into a new area or perform current job more effectively.
• Exposure to the latest software, equipment or other knowledge.
• Increased level of expertise
• Contact and networking with top-performing professionals in the field, around the world.
• Customer confidence based on the evidence of qualifications.
The IEEE and ACM recognized the importance of certification and provide its members with over four hundred online courses leading to professional certifications, such as CompTIA Network+ and Cisco CCNA. Each certificate has certain objectives. Moreover, ACM has developed a K-12 computer science curriculum which recommend including three IT certifications; the A+ Certified Technician, the iNET+, and the Certified Internet webmaster (Tucker, Deek, Jones, McCowan, Stephenson, & Verno, 2003) . The ACM report suggests that students who complete the certification courses should be encouraged to take the corresponding exam as proof of acquired knowledge.
There are many ways to acquire IT certification. Vendors such as Sun Microsystems and Microsoft offer training courses for their particular certification. There are also training institutions which offer courses for almost any certificate. Community colleges have designed their programs to concentrate on a specific field, such as network administration, PC technician, Help Desk technician and Customer Service Technician (Zeng, 2004) . Currently, very few universities offer training which leads to IT certifications. Acquiring IT certification is becoming popular among university students and has resulted in some universities including some IT certifications into their curriculum.
Integrating IT Certification into IS Courses
All IT certifications have specific objectives and require mastering certain skills that are not necessarily included in IS curricula. On the other hand, IS courses have specific objectives and outcomes that need to be achieved in order to pass the course and fulfill the accreditation requirement. In this study, four areas in the IS curriculum that can be strengthened by IT certification have been identified. These are: personal productivity tools, networking, programming and problem solving, and hardware and software. Furthermore, five potential IT certificates that can be integrated in these areas have been identified, as shown in Table 3 The computing technology industry association (CompTIA) provides six certificates including the A+ and the Network+. The A+ is designed to provide a competency level for personal computer repair and maintenance technicians. The A+ certification insures that the IT professional has obtained the necessary skills to configure, maintain, and troubleshoot personal computers, as well as install operating systems and peripheral devices, such as printers. The A+ certification objectives can be integrated into the IT Hardware and System Software course (IS 2002.4) as well as the Operating System (OS) course which is an IS elective. The IS 2002.4 provides students with an exposure to IT hardware and software components and their interaction. Systems components and peripheral devices are identified and studied. The OS software, including I/O drivers and extensions to the OS is studied and utilized in the laboratory. The OS course can be used to integrate and emphasize the OS part of the certification objectives. The A+ has two separate exams: the core exam, which can be taken in the hardware and software course, and the OS exam, which can be taken upon completion of the OS course. Therefore, in order to take the A+ certification students need to enroll in the OS course in addition to the IT hardware and software course.
Network+ is a professional certification established by CompTIA that verifies broad, vendorindependent networking technology skills, such as an understanding of protocols, topologies, networking hardware, and network troubleshooting. Network+ may also be a stepping stone to more advanced certifications. For example, Novell now accepts Network+ as a substitute for its Networking Technologies exam for candidates pursuing CNE status. Certified Network+ professionals know the layers of the OSI model, can describe features and functions of network components, and have the skills needed to install, configure and troubleshoot basic networking hardware peripherals and protocols. The A+ certification is recommended before taking the Network+ certification. The IS 2002.6 (Networks and Telecommunication) course provides an in-depth knowledge of data communications and networking requirements including network and telecommunication technologies, hardware, and software. The Network+ certification domain areas are: media and topologies, protocols and standards, network implementation, and network support. The Network+ certification domain areas that can be easily integrated into the IS 2002.6 course are: media and topologies, protocols and standards, and network implementation. The last domain area, network support, can be addressed in an elective network course.
An alternative to the Network+ (Dean, 2005) certification is the Cisco CCNA (Caudle & Cannon, 2004) certification. The objectives of the Cisco CCNA certification can be covered in one or two Network courses. The Cisco CCNA topics are OSI reference model and layered communications, network protocols, routing, WAN protocols, network management, LAN design, Cisco networking basics, and bridging and switching. Even though the Cisco Networking Academy teaches the CCNA curriculum in four semesters, the certification objectives can be covered in two courses or one course and a lab component. The following topics can be integrated into the IS2002.6: the OSI model, network devices, TCP/IP and IP addressing, network topology and design, WAN concepts, routers and IOS basics, and router start up and configuration. The second network course includes the following topics: routing protocols, IPX/SPX, access lists, PPP and ISDN, frame relay, and switching and VLANs. While Network+ is a non proprietary certification, Cisco CCNA requires the use of Cisco products such as routers and switches. Therefore the lab for this course should be equipped with Cisco devices.
Sun developed the Certified Programmer for Java 2 certificate to ensure that the programmer masters specific skills to be productive. The certification topics are: declarations and access control; flow control, assertions and exception handling; garbage collection; language fundamentals; operator assignment; overloading, overriding, runtime type and object orientation; threads; fundamental classes in the java language package; and the collections framework. The integration of one of these certificates (CCNA) into IS 2002.6 course is discussed in the example section. 
Example of Integration
This section shows how to integrate the Cisco CCNA certification into one Network course of the IS curriculum (IS 2002.6 ). The objectives of the CCNA certification are identified and integrated into the IS course syllabus. The master course syllabus is designed to include both objectives and course outcomes. However, selecting a textbook for the course which covers IS 2002.6 as well as the certification objectives is an issue.
Popular Network textbooks such as Comer (2004) and Tanenbaum (2003) do not cover the CCNA or Network+ objectives. Cisco academy teaches four Network courses (each course worth 4 credit hours) CCNA1, CCNA2, CCNA3, and CCNA4. These four courses prepare the students for the CCNA exam. Using the Cisco academy approach requires four semesters of Network courses and many students are not able to go through this process. It is possible to offer one or two courses with a lab component to address the CCNA objectives. Other important Network topics such as network Operating Systems are not required by the CCNA but are required to take the Network+ certification exam. Course technology has published a few textbooks to address the CCNA objectives and also textbooks to address the Network+ objectives. Instructors who wish to integrate certification objectives into their course could use two textbooks to cover the CCNA objectives and some of the Network+ objectives.
CCNA Certification Objectives
The CCNA certification provides students with critical knowledge and skills necessary to select, connect, configure, and troubleshoot various Cisco networking devices. The certification exam covers topics on extending switched networks with VLANs, determining IP routes, managing IP traffic with access lists, establishing point-to-point connections, and establishing frame relay connections. The CCNA objectives cover four areas, these are:
Planning & designing 
Cisco CCNA versus CompTIA Network+
The following section provides a brief comparison between Cisco CCNA and CompTIA Network+ certifications. The first part of the CCNA and Network+ curriculum is very similar. They both cover the basic concepts of networks, such as the OSI model, transmission basics and network media, network protocols, networking hardware, topologies and access methods, WANs and remote connections, and TCP/IP protocol suites. The second parts of the curriculum diverge. While the CCNA concentrates on the router and switch configuration using Cisco IOS, Network+ concentrates on configuring small LANs using different operating systems such as Windows 2003 server, Linux, Novel Netware, and Apple Talk. In the lab, the main difference is that CCNA requires Cisco equipment, specifically routers and switches, in order for students to fully understand the course. There is also emulation software which can help the students understand part of Cisco Internetwork Operating Systems (IOS); however the availability of the equipments is vital to fully understand the materials. On the other hand, the Network+ certificate requires a few personal computers with different network operating systems such as Windows 2003 Server, Linux, Apple Talk, and Novel Netware. The last difference is the IT certification exam passing score. While CCNA current passing score is 849/1000, the Network+ current passing score is 554/900. Finally, it is important to emphasize that both the CCNA and Network+ certification require spending a substantial amount of time in the lab in order to pass the exam.
Master course syllabus
This proposed master course syllabus is designed to achieve the course objectives as well as prepare students to take the CCNA certification exam. The master syllabus is designed for a fourcredit hour course to allow instructors the flexibility to include detailed coverage of the certification objectives as needed. The three exams are designed to verify comprehension of Network concepts. The course assessment is designed to cover both comprehension of the course material and the certification objectives. The assessment is optimized by assigning 50% of the final grade to the course work and 50% to the certification exams. Obtaining a passing grade in the course is necessary but not a sufficient condition to pass the certification exam.
Computer Network & Communication I
Credit hours: 5 Course Description:
This course introduces a comprehensive background in networking concepts. The course also covers all the objectives of CCNA allowing students to take the certification exam upon completion of the course. 
Textbook

Conclusions
In this paper, a comprehensive approach to develop IS curricula based on ABET requirements and IS 2002 is introduced. Moreover, to address government and industry needs, the proposed curriculum includes IT certification tracks. The curriculum includes courses in general education, core IS courses, IS electives, environmental requirements, analytical and statistical requirements, and general electives. IS components that have the potential to lead to certification are identified and integrated in the model curriculum. The proposed model curriculum provides a framework to integrate certification modules in IS courses at various levels of the curriculum.
An example that shows how to integrate a Network certification, Cisco CCNA, is presented. A brief comparison between Cisco CCNA and CompTIA Network+ is provided to show the lab requirement for each certification. A master course syllabus is developed to show coverage of the CCNA objectives. The syllabus also provides some suggestions on textbook selection.
It is anticipated that universities and colleges will benefit from this study by using the model curriculum as a basis to tailor their own curricula in order to address their particular needs. Furthermore, the proposed model curriculum will enable universities and colleges world wide to develop and maintain academic programs that are based on the common body of knowledge of the IS field and be consistent both with regional and international employment needs.
Introductory Studies (24 cr)
• Arts and Humanities (6) Art Appreciation, Communication (recommended for IS students), Language, Literature, Philosophy (recommended for IS students), Religious studies
